Bacterial diversity of the aged and aging pit mud from Luzhou-flavor liquor distillery was investigated and compared by molecular methods. Two bacteria-specific 16S rRNA gene clone libraries were constructed and analyzed using the amplified rRNA gene restriction analysis. A total of 172 clones were studied and 23 operational taxonomic units (OTUs) were obtained. Firmicutes and Chloroflexi predominated in the aged pit mud while Firmicutes and Bacteroidetes predominated in the aging pit mud. What is more, Chloroflexi and Actinobacteria were only detected in the aged pit mud. Additionally, the results of quantitative real time PCR (qPCR) showed that the quantity of Actinobacteria in the aged pit mud was 29 times as much as in the aging pit mud (P < 0.05). The results have compared the bacterial diversity of the aged and aging pit mud for the first time and maybe useful to further understand the microorganism of pit mud.
of microbial community structure between the aged and aging pit mud for improving the quality of Luzhou-flavor liquor.
Previous studies concerning microbial community structure have been performed based on culture-dependent methods (Jiang et al., 2008) . However, most of the microorganisms are uncultured or difficult to culture, and culture-dependent method is difficult to reveal the inner pattern comprehensively and objectively (Amann et al., 1995) . Recently, molecular ecological methods, such as denaturing gradient gel electrophoresis (DGGE), 16S rRNA libraries, amplified rRNA gene restriction analysis and quantitative real time PCR (qPCR) (Bowers et al., 2000) are widely used to analyze microbial community structures in complex environments.
For instance, Deng et al. analyzed microbial community evolution in the pit mud of cellars used for different periods of time by PCR-DGGE (Deng et al., 2012; Shi et al., 2011) . Although there are many advantages in using PCR-DGGE for microbial community analyses, method limitations should be recognized for correct result interpretations. For example, the limitation of DGGE is that a complex community (e.g. soil) may be comprised of numerous populations (from > 100 and possibly > 10 8 ) in relatively equivalent proportions, thus resulting in a smear of bands, which makes it difficult to identify individual populations (Nakatsu et al., 2007) .
Nevertheless, DNA libraries for the microbial 16S rRNA can cover the total microbial diversity or the diversity within distinct phylogenetic groups (Klocke et al., 2008) . Moreover, the analysis of 16S rRNA libraries is commonly combined with amplified rRNA gene restriction analysis, which could reduce sequencing efforts and was regarded as sufficient for resolving even small differences between microbial species (Klocke et al., 2008) .
Meanwhile, the recombinant plasmids obtained from 16S rRNA libraries could be used for standard curve analyses of qPCR.
Furthermore, qPCR could be applied to the accurate determination of the abundance of certain 16S rRNA groups within a pool of microbial DNA (Klocke et al. 2008) . The qPCR approach could be used for the additional determination of the accurate quantity of detected taxonomic units.
To date, little is known about the difference of microbiological information in the aged and aging pit mud. Therefore, in the present study, the bacterial structure between the aged and aging pit mud from Anhui Province has been investigated by 16S rRNA gene libraries, amplified rRNA gene restriction analysis and qPCR.
Materials and Methods
Sample collection Samples of the pit mud were collected at the bottom of the pit from a major liquor-making factory affiliated to the Golden Seed in Anhui Province, China. The pit mud, about 2000 grams, were taken from the four corners and the center of the bottom of the pit and then mixed. According to the traits, pit mud samples were distinguished into aged and aging pit mud. The samples were transferred with an ice-cooled sample taker to sterile polyethylene bags, which were sealed and stored at _ 20℃ until used. were compared with those in Gen Bank Database using the BLAST (i) program and the percent similarity was then determined.
Multiple alignments were carried out using the Clustal X program [( 1 _ ( n × N _ 1 )) × 100 ] 
Results and Discussion
Libraries construction and amplified rRNA gene restriction analysis In this study, to reveal the biodiversity of the bacterial communities in the aged and aging pit mud, the total DNA from the aged and aging pit mud samples was used to generate two clone libraries. A total of 172 clones were obtained and studied. The number of positive clones was 87 in the aged pit mud 16S rRNA library and was 85 in aging pit mud 16S rRNA library, respectively (Table 1. ).
To avoid sequencing clones with identical 16S rRNA genes, the insert-containing plasmids were digested with the restriction enzyme Hha I to generate amplified rRNA gene restriction analysis patterns. OTU was defined as a unique amplified rRNA gene restriction analysis pattern. A total of 23 different patterns were generated and sequenced. Table 1 showed the number of clones analyzed for each library, the OTUs and number of ascertained taxa. The Shannon diversity index of each library ranged from 1.85 to 2.48. It showed that the bacterial diversity of the aged pit mud was higher than that of the aging pit mud.
The rarefaction curves from the bacterial libraries were respectively obtained by plotting the number of OTUs observed against the number of clones (Fig. 1.) . The decrease in the rate of OTUs detection shown on the curve indicated that the major part of the diversity in pit mud 16S rRNA libraries had been detected. This conclusion was further supported by calculating the coverage of two libraries. The coverage ranged from 96.6% to 96.5%, which suggested that the number of analyzed OTUs should be satisfactory and that most bacteria present in the samples detected. Fig. 2. showed the difference of OTUs between the aged and aging pit mud and the different bacterial structure between the aged and aging pit mud. It was obvious that the Actinobacteria community was only detected in the aged pit mud.
16S rRNA phylogenetic analysis A phylogenetic analysis of the bacteria 16S rRNA sequences from the clone libraries revealed that the bacterial difference between the aged and aging pit mud was obvious. The bacterial abundance of the aged pit mud was higher than that of the aging pit mud. The Firmicutes and
Bacteroidetes phyla were identified both in the aged and aging pit mud clone library, whereas Chloroflexi and Actinobacteria were only detected in the aged pit mud.
Firmicutes is well-known to be syntrophic bacteria that can degrade volatile fatty acids, such as butyrate and its analogs (Garcia-Peña et al., 2011) . Firmicutes is represented by the Clostridia and Bicilli classes. The OTUs affiliated with the Clostridia were represented in both of the samples and accounted for 51.7% of the aged pit mud clones and 67.1% of the aging pit mud (Fig. 3.) . It has been reported that Clostridiales family can use ethanol and acetic acid to produce acetoacetate (Kencaly et al., 1995) . Some et al., 2012) . The Bacteroidetes phylum accounted for 2.3% of the sequences in the aged pit mud and 31.8% in the aging pit mud, respectively. Therefore, the excessive presence of Bacteroidetes might produce salt compounds that made pit mud harden. That was why Bacteroidetes in the aging pit mud was more abundant than in the aged pit mud.
Chloroflexi species could take up butyrate and pyruvate (Kragelund et al., 2007) . In the aged pit mud, the only OTU affiliated
with Anaerolineaceae in Chloroflexi phylum was detected. Kragelund et al. (2007) found that the family Anaerolineaceae predominated in the deep layers which were in agreement with the result in this paper. What is more, Anaerolineaceae strains could produce H 2 and had syntrophy with methanogens (Yamada et al.,
2009).
Actionbacteria has positive effect on the pit mud (Zhang et al., 2006 , Jiang et al., 2008 and at present, the role of Choroflexi in pit mud is unclear. Naturally, the study of Choroflexi is in progress conducted by our group. Therefore, this study originally researched the number of Actionbacteria in the aged and aging pit mud.
Actinobacteria was able to utilize sulfides which resulted in the aging of pit mud and could ferment with caproic acid bacteria so as to improve the yield of caproic acid contributing to the aroma of wine (Chao et al., 2011 ). Meanwhile, Zhang et al. (2006 found that the number of Actinobacteria increased in the aged pit mud which was in accordance with the result in this study.
Quantitative analysis of Actinobacteria using qPCR To
analyze the bacterial diversity of the aged and aging pit mud more exactly, the Actinobacteria genus of the aged and aging pit mud was monitored using qPCR. The amplification curves and melting curves of the Actinobacteria in pit mud were shown in Fig. 4 . It showed that the melting curves were smooth and each melting curve had only a peak. It indicated that the specificity of primers which were used to quantify Actinobacteria were good. The formula of Actinobacteria using qPCR was as Eq. 5. Cq = _ 3.45 log 10 (q) + 55.31 ······Eq. 5 The slope of the qPCR assays was -3.45. The amplification efficiency was 95% with R 2 > 0.99. The results indicated that qPCR had good amplification efficiency. It was shown for
Actinobacteria to exist at a (1.68 ± 0.04) × 10 10 copies per g of pit mud in the aged pit mud and at a (0.58 ± 0.01) × 10 9 copies per g of pit mud in the aging pit mud. It suggested that the quantity of Actinobacteria genus in the aged pit mud should be 29 times as much as in the aging pit mud (P < 0.05). Meanwhile, Zhang et al. (2006) found that the number of Actinobacteria in good quality pit mud (2.6 × 10 6 cells per g of pit mud) was more than that in bad quality pit mud (7.4 × 10 4 cells per g of pit mud) using culture-dependent methods, which was in accordance with the result of this study. However, qPCR is more convenient and effective than culture-dependent methods.
Therefore, the number of Actinobacteria might be the sign of the aged pit mud. qPCR has gained wide acceptance due to its improved rapidity, sensitivity, reproducibility and reduced risk of carry-over contamination (Mackay et al., 2002) . Moreover, the qPCR assay for detecting microorganisms in pit mud has not been reported. In this paper, qPCR analyses effectively distinguished the aged pit mud from the aging pit mud.
The result of qPCR was confirmed that the number of Actinobacteria in aged pit mud was more than that in aging pit mud from other Luzhou-flavor liquor distillery using qPCR analysis. For the 16S rRNA gene clone libraries analysis, further researches are in progress conducted by our laboratory group.
In the present study of pit mud, there are many reports of pit mud in Luzhou-flavor liquor distillery. For example, Jiang et al. 
Conclusion
This study has revealed the rich diversity of bacterial community in the aged and aging pit mud for the first time. The 16S rRNA gene clone libraries analysis could obtain general information of microorganisms in pit mud and the qPCR analysis is rapid, sensitive and accurate. Consequently the combination of the 16S rRNA gene clone libraries and qPCR analysis could be better to reveal the microbial information in the environment. The information obtained may be useful to improve the understanding of the composition of the microbes of Luzhou-flavor liquor, to reveal the mechanism from aged pit mud to aging pit mud and to carry out the effective management for improving the quality and yield of Luzhou-flavor liquor.
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